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We report on recent calculations of electromagnetic elastic form factors, helicity am¬ 
plitudes and strong decay widths of N* resonances. The calculations are done in a 
collective constituent model for the nucleon, in which the resonances are interpreted 
as rotations and vibrations of an oblate top with a prescribed distribution of charges 
and magnetization. 

1 Introduction 

Effective models of baryons based on three constituents share a common spin- 
flavor-color structure but differ in their assumptions on the spatial dynamics. Quark 
potential models in nonrelativistidll or relativized i forms emphasize the single-particle 
aspects of quark dynamics for which only a few low-lying conhgurations in the con- 
hning potential contribute signihcantly to the eigenstates of the Hamiltonian. On 
the other hand, some regularities in the observed spectra {e.g. linear Regge trajecto¬ 
ries, parity doubling) hint that an alternative, collective type of dynamics may play 
a role in the structure of baryons. In this contribution we present a particular col¬ 
lective model of baryons! and report on calculations of electromagneticJl and strong! 
couplings within this framework. 

2 A Collective Model of Baryons 

We consider a collective model in which the baryon resonances are interpreted 
in terms of rotations and vibrations of the string conhguration in Fig. 1. The corre¬ 
sponding oblate top wave functions are spread over many oscillator shells and hence 
are truly collective. A typical mass spectrum in the collective model is shown in Fig. 2 
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Fig. 1. Collective model of baryons (the charge distribution of the proton is shown as an example). 
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Fig. 2. Mass spectrum (M vs. J^) for 3* and 4* nucleon resonances. Collective modeli (+), 
nonrelativistic quark modefl (x), relativized quark modeli (o). 


along with a comparison to the non-relativisticEJ and relativized □ quark models. As 
can be seen, the quality of the fits is comparable although the underlying dynamics is 
different. This shows that masses alone are not sufficient to distinguish between single¬ 
particle and collective forms of dynamics and one has to examine other observables 
which are more sensitive to the structure of wave-functions, such as electromagnetic 
and strong couplings. 

To consider decay processes of baryon resonances in the collective model we need 
three ingredients. First, the wave functions of the initial and hnal states. These have 
the form 


^'^+Mim{S'f//(3)}j [dim{S'f/^/(6)},L^](^i,„2);i^ ) . (1) 

The spin-flavor part has the usual SUsf{Q) classification and determines the per¬ 
mutation symmetry of the state. The spatial part is characterized by the labels: 
{'^ 1 ,^ 2 )', K, , where {vi,V 2 ) denotes the vibrations (stretching and bending) of the 
string conhguration in Fig. 1; K denotes the projection of the rotational angular 
momentum L on the body-hxed symmetry-axis and P the parity. In this contribu¬ 
tion we focus on the nucleon resonances of Fig. 1 which, with the exception of the 
Af(1440)Pii and Af(1710)Pii vibrational states, are associated with rotational exci¬ 
tations of the (^ 1 ,^ 2 ) = (0,0) vibrational ground state. The second ingredient is the 




form of the electromagnetic (strong) transition operator. It is assnmed to involve the 
absorption or emission of a photon (elementary meson) from a single constitnent. In 
snch circnmstances, the conplings discnssed below can be expressed in terms of the 
operators 


U = 
fm = 



( 2 ) 


where A^, (m = 0, ±) are Jacobi coordinates and (/cq, k) is the fonr-momentnm of 
the absorbed quanta. The form factors of interest are proportional to the matrix 
elements of these operators in the wave-functions of Eq. ([^). The third ingredient 
which specihes the collective model is the distribution of the charge and magnetization 
along the string. For the present analysis we use the (normalized) distribution 

g{P) = /32e-^/72a3, (3) 

where /3 is a radial coordinate and a is a scale parameter. The collective form fac¬ 
tors are obtained by folding the matrix elements of U and with this probability 
distribution 

jr(/c) = J df5g{f3){^l)f\U\^l)i) , 

Qm{k) = j d(5g{(3){'il)f\f^\ipi) . (4) 

Here '0 denotes the spatial part of the baryon wave function. In Ref. [3] these form 
factors are evaluated algebraically and closed expressions can be derived in the limit 
of large model space. The ansatz of Eq. (^ for the probability distribution is made 
to obtain the dipole form for the elastic form factor. The same distribution is used to 
calculate inelastic form factors connecting other hnal states. All collective form factors 
are foundS to drop as powers of k. This property is well-known experimentally and 
is in contrast with harmonic oscillator based quark models in which all form factors 
fall off exponentially. 


3 Electromagnetic Form Factors and Helicity Amplitudes 

The elastic electric {E) and magnetic (M) collective form factors are given by 

= ?,jdl3g{l3){d>-Mj = l/2\e^ij\d!-Mj = l/2), 

J d(3g{P){dl;Mj = l/2\fise3as,,U\dl;Mj = l/2) , 
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( 5 ) 



where ^ denotes the nucleon wave function ^8{y2[56, 0’''](o,o);o ) with N = p{n) for 
proton (neutron). Further 63 , /is = eg^/2m^, m 3 , 5 ^ 3 , S 3 = a^/2 are the charge 
(in units of e: e„ = 2/3, = —1/3), scale magnetic moment, mass, ^f-factor and 

spin, respectively, of the third constituent. Assuming SUsf{6) spin-flavor symmetry 
idu = Qd) hn = hrf)) 'W 6 obtain the elastic electric form factors 


G". = 


(1 -|- 


G% = {) 


( 6 ) 


and the magnetic form factors are proportional to Gg with a ratio = —2/3. 

Within an effective model with three-constituents, in order to have a nonvanishing 
neutron electric form factor, as experimentally observed, one must break SUsf{Q)- 
This breaking can be achieved in various ways, e.g. by including in the mass operator 
a hyperhne interaction^ or by distorting the oblate-top geometry, allowing for a 
quark-diquark structureQ. Within the model discussed here we study the breaking of 
the SUsf{6) symmetry by assuming a flavor-dependent distribution 

gAP) = P^e-l>l‘-/2al. (7) 


In the calculations reported below we take gu = gd = ^ and £x pu and pd from the 
measured magnetic moments. The scale parameters and ad in the distributions (|^) 
are determined from a simultaneous £t to the proton and neutron charge radii, and 
to the proton and neutron electric and magnetic form factors. For the calculations in 
which the SUsf{6) symmetry is satished this procedure yields au = ad = a = 0.232 
fm and Pu = g-d = g-p = 2.793 gN (= 0.126 GeV“^). When SUsf{Q) symmetry is 
broken we hnd = 0.230 fm, = 0.257 fm, /i„ = 2.777gN (= 0.126 GeV“^) and 
gd = 2.915gN (= 0.133 GeV'^). 

Fig. 3 shows the electric and magnetic form factors of the proton and the neutron. 
We see that while the breaking of spin-flavor symmetry can account for the non-zero 
value of Gg and gives a good description of the data, it worsens the fit to the proton 
electric and neutron magnetic form factors. This implies either that the simple mech¬ 
anism for spin-flavor breaking of Eq. ( 0 ) does not produce the right phenomenology 
and other contributions, such as polarization of the neutron into p + 7r~ , play an 
important role in the neutron electric form factor I. (A coupling to the meson cloud 
through p, uj and 0 mesons is indeed expected i to contribute in this range of Q‘^.) 
This conclusion (he. worsening the proton form factors) applies also to the other 
mechanisms of spin-flavor symmetry breaking mentioned above, such as that induced 
by a hyperhne interaction B which gives a„ < (‘moves the up quark to the center 
and the down quark to the periphery’). This pattern is a consequence of the fact that 
within the framework of constituent models Gg, G^, G^ and G'^ are intertwined. 
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Fig. 3. Neutron and proton electric (G^, G^) and magnetic (G^//x„, G^^/fj,p) form factors di¬ 
vided by Fd = 1/(1 + <5^/0.71)^. Dashed (solid) lines correspond to a calculation with (without) 
flavor breaking. 

Other (observable) quantities of interest are the helicity amplitudes in photo- and 
electroproduction. The transverse helicity amplitudes between the initial (ground) 
state of the nucleon and the hnal (excited) state of a baryon resonance are 



where u = 1/2, 3/2 indicates the helicity. The orbit- and spin-flip amplitudes {A and 
respectively) are given by 

B = y'd/3(7(/3)(T;;My = z/|/i3e3S3,+ f/|d/,;M; = z/-l) , 

^ = y d/3fi'(/3) = z/l/igCsf+Zsig = z/- 1) . (9) 

These observables correspond to an absorption process (j+B' B) of a right-handed 
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Fig. 4. Proton helicity amplitudes for ex¬ 
citation of A^(1520 )£)i 3. Notation for dashed 
(solid) lines as in Fig. 3 



Fig. 5. Effect of hadron swelling for excita¬ 
tion of fV(1520)Di3. The curves are labelled 
by the stretching parameter ^ of Eq. (|l^. 


photon with four-momentum {ko^k = kz). In Eq. (||) |\I/j) denotes the (space-spin- 
flavor) wave function of the initial nucleon [B') with I ^ 8(^2 [56, 0 +]( 0 , 0);0 ) and N = p,n, 
and, similarly, f) that of the hnal baryon resonance {B). In general, the B and 
A amplitudes of Eq. (H) are proportional to the collective form factors T and of 
Eq. (^), respectively. When spin-flavor symmetry is broken the helicity amplitudes are 
given in terms of flavor-dependent collective form factors TAk)^ Qu,+^) and Bd{k), 
Qd,+ {k)i which depend on the size parameters, and ad, respectively^. 

The transverse helicity amplitudes ^ 3 / 2 ’ ^ 3/2 Breit frame for iV(1520)Zili3 

are shown in Fig. 4 (a factor of +i is suppressed). As seen, the effect of spin-flavor 
breaking is rather small. Only in those cases in which the amplitude with SUsf{6) 
symmetry is zero, the effect is of some relevance. Such is the case with proton helicity 
amplitudes for the ^8j[70,L^] multiplet {e.g. the = 1~ resonances A^(1675)i7i5 
and A^(1700)Zi)i3) and with neutron u = 3/2 amplitudes for the ^8j[56,L^] multiplet 
{e.g. the = 2 + resonance A^( 1680 )Fi 5 ). 

In a string-like model of hadrons one expects0 on the basis of QCD that strings 
will elongate (hadrons swell) as their energy increases. This effect can be easily 
included in the present analysis by making the scale parameters of the strings energy- 
dependent. We use here the simple ansatz 




a = Oo 


M 


( 10 ) 


where M is the nucleon mass and W the resonance mass. This ansatz introduces a 
new parameter (^), the stretchability of the string. Fig. 5 shows that the effect of 
stretching on the helicity amplitudes for A^(1520)Zi)i3 is rather large (especially if one 
takes the value ^ 1 which is suggested by QCD argumentsS and the Regge behavior 












of nucleon resonances). In particular, the data for iV(1520)Zi)i3 (and iV(1680)Fi5) 
show a clear indication that the form factors are dropping faster than expected on 
the basis of the dipole form. 


4 Strong Decay Widths 


In addition to electromagnetic couplings, strong decays of baryons provide an 
important, complementary, tool to study their structure. We consider strong decays 
of the form B B' + M. The process involves an emission (by one of the constituents 
in 5) of an elementary pseudoscalar meson meson (M = it or rj) with energy ko = 
Em = Eb — Eb' and momentum k = Pm = P — P' = kz. Here P and P' are the 
momenta of the initial {B) and hnal baryon {B'). The calculations are performed 
in the rest frame of B {P^ = 0). For decays in which the initial baryon has angular 
momentum J = L + S and in which the hnal baryon is either the nucleon or the delta, 
the (strong) helicity amplitudes in the collective model are 


AAk) 


(27r)3/2(2fco)V2 


{L,0,S,iy\J,iy)CoZo{k) + -{L,l,S,iy 


+ 2^“^’ A l|d, Z2) (_Zj^{k) 


l\J,u)C+Z_{k) 

( 11 ) 


The coefficients Cm (^ 
radial matrix elements 


0, ±) are spin-havor matrix elements! and the Z^ik) 


are 


Zo(fc) = 6[gk-^hk]p{ky-6hg,{ky , 

z^{k) = -6hg^{ky , ( 12 ) 

involving the same collective form factors P{k), g^^ik) discussed in Eq. (^). The 
coefficients g and h denote the strength of two terms in the transition operator. The 
decay widths for a specihc channel are given by 

T(B^B' + M) = |y4„(fc)|V (13) 


where p/ is a phase space factor. In the algebraic method the widths can be obtained 
in closed form which allows us to do a straightforward and systematic analysis of the 
experimental data. 

We consider here decays with emission of tt and rj. The experimental data0 are 
shown in Tables 1 and 2, where they are compared with the results of our calculation. 
The calculated values depend on the two parameters g and h in Eq. ([I^) and on the 
scale parameter a of Eq. (j^). In the present analysis we determine these parameters 
from a least square £t to the Nn partial widths (which are relatively well known) with 
the exclusion of the Su resonances. For the latter the situation is not clear due to 






Table 1. Ntt decay widths of 3* and 4* nucleon resonances in MeV. 


State 

Mass 

Resonance 

A;(MeV) 

r(th) 

r(exp) 


A(1535) 

^81/2(70, l“](o,0);l 

467 

85 

79 ±38 

Fii 

A(1650) 

%/2[70,1-](o,0);1 

547 

35 

130 ± 27 

Fi3 

A(1720) 

^83/2(56, 2+](0,0);0 

594 

31 

22± 11 

-Di3 

A(1520) 

^83/2(70, 1“](0,0);1 

456 

115 

67 ±9 

-Di3 

A(1700) 

"^83/2(70, l“](o,0);l 

580 

5 

10 ±7 

-Di5 

A(1675) 

"^85/2(70,1 ](0,0);1 

564 

31 

72± 12 

Fi5 

A(1680) 

^85/2(56, 2+](o,o);0 

567 

41 

84 ±9 

Gn 

A(2190) 

^87/2(70, 3“](o,o);l 

888 

34 

67± 27 

Gig 

A(2250) 

"^89/2(70, 3“](o,0);l 

923 

7 

38 ±21 


A(2220) 

^89/2[56,4+](o,o);o 

905 

15 

65 ±28 

A,11 

A(2600) 

^8i1/2[70, 5“](o,0);1 

1126 

9 

49 ±20 


possible mixi^ of Af(1535)S'ii and and the possible existence of a third 

S'!! resonance^. As a result we hnd g = 1.164 GeV“^ and h = —0.094 GeV“^. The 
relative sign is consistent with a previous analysis of the strong decay of mesonJil 
and with a derivation from the axial-vector coupling. The scale parameter, a = 0.232 
fm, extracted in the present fit is found to be equal to the value extracted in the 
calculation of electromagnetic couplingj^. We keep g, h and a equal for all resonances 
and all decay channels {Nn, Nr], Avr, Ar]). In comparing with previous calculations, 
it should be noted that in the calculation in the nonrelativistic quark mode0 the 
decay widths are parametrized by four reduced partial wave amplitudes instead of 
the two elementary amplitudes g and h. Furthermore, the momentum dependence 
of these reduced amplitudes are represented by constants. The calculation in the 
relativized quark modefl was done using a pair-creation model for the decay and 
involved a different assumption on the phase space factor. Both the nonrelativistic 
and relativized quark model calculations include the effects of mixing induced by the 
hyperfine interaction, which in the present calculation are not taken into account. 

The calculation of decay widths of 3* and 4* nucleon resonances into the Ntt 
channel is found to be in fair agreement with experiment (see Table 1). The same 
holds for the Avr channel!. These results are to a large extent a consequence of spin- 
flavor symmetry. There does not seem to be anything unusual in the decays into tt 
and our analysis confirms the results of previous analyses. 

Gontrary to the decays into tt, the decay widths into rj have some unusual proper¬ 
ties. The calculation gives systematically small values for these widths (see Table 2). 
This is due to a combination of phase space factors and the structure of the transition 





Table 2. N* Nr] decay widths of (3* and 4*) nucleon resonances in MeV. 


State 

Mass 

fe(MeV) 

r(th) 

r(exp) 

5ii 

A(1535) 

182 

0.1 

74 ±39 

5ii 

A(1650) 

346 

8 

11 ±6 

Pl3 

A(1720) 

420 

0.2 


Di3 

A(1520) 

150 

0.6 


Di3 

A(1700) 

400 

4 


Di5 

A(1675) 

374 

17 


Ti5 

A(1680) 

379 

0.5 


Gi7 

A(2190) 

791 

11 


Gi9 

A(2250) 

831 

9 


Hig 

A(2220) 

811 

0.7 


A.ll 

A(2600) 

1054 

3 



operator. Due to the difference between the vr and rj mass, the rj decay widths are 
suppressed relative to the tt decays. The spin-ffavor part is approximately the same 
for Nti and Nrj, since vr and r] are in the same SUf{3) multiplet. We emphasize here, 
that the transition operator was determined by fitting the coefficients g and h to the 
Nn decays of the 3* and 4* resonances. Hence the rj decays are calculated without 
introducing any further parameters. 

The experimental situation is unclear. The 1992 PDG compilation gave systemat¬ 
ically small widths (~ 1 MeV) for all resonances except iV(1535)S'ii. The 1994 PDG 
compilation deleted all r] widths with the exception of ^(ISdb)^!!. This situation 
persists in the latest PDG compilationS, where V(1650)S'ii is now assigned a small 
but non-zero r] width. The results of our analysis suggest that the large rj width for 
the iV(1535)S'ii is not due to a conventional state. One possible explanation is the 
presence of another state in the same mass region, e.g. a quasi-bound meson-baryon 
S wave resonance just below or above threshold, for example Nr], KT, or KA 0. 
Another possibility is an exotic configuration of four quarks and one antiquark {q^q). 

5 Summary and Conclusions 

Within a collective model of the nucleon we have analyzed simultaneously elas¬ 
tic form factors and helicity amplitudes in photo- and electroproduction and strong 
decay widths. The logic of the method is that, by starting from the charge and 
magnetization distribution of the ground state (assuming a dipole form to the elastic 
form factor of the nucleon), one can obtain the transition form factors to the excited 





states. In the ‘collective’ model, this procedure yields a power dependence of all form 
factors (elastic and inelastic) on Q^. For electromagnetic couplings we hnd that, 
whereas the breaking of the spin-flavor symmetry hardly effects the helicity ampli¬ 
tudes, the stretching of hadrons does have a noticeable influence. The disagreement 
between experimental and theoretical elastic form factors and helicity amplitudes in 
the low-Q^ region 0 < < 1 (GeV/c)^ may be due to coupling of the photon to 

the meson cloud, i.e. conhgurations of the type — qq. Since such conhgurations 
have much larger spatial extent than q^, their effects are expected to drop faster with 
momentum transfer than the constituent form factors. Within the same collective 
model we have performed a calculation of the strong widths for decays into vr and 
rj. The analysis of experimental data shows that, while the decays into vr follow the 
expected pattern, the decays into rj have some unusual features. Our calculations do 
not show any indication for a large p width, as is observed for the A^(1535)S'ii reso¬ 
nance. The observed large p width indicates the presence of another conhguration, 
which is outside the present model space. Work on the extension of the formalism to 
include strange baryons is in progress. 

The results reported in this article are based on work done in collaboration with 
F. lachello (Yale). The work is supported in part by grant No. 94-00059 from the 
United States-Israel Binational Science Foundation (BSF), Jerusalem, Israel (A.L.) 
and by CONACyT, Mexico under project 400340-5-3401E and DGAPA-UNAM under 
project IN105194 (R.B.). 
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